Successful therapy of many systemic fungal infections has been possible with the availability of several antifungal agenls (Table I) . However, most of these drugs may have potential hepatotoxic side effects since they are partly metabolized and degraded lhrough the liver. Hepatic dysfunction is generally not a very serious problem, but caution is required so that adequate monitoring may be done to avoid more severe complications. This paper will summarize the hepatic reactions from the antifungal agents with particular reference to a recently used drug, ketoconazole. Elevation of transaminases and a lkaline phosphatase with enlarged and tender liver was found in 2 out of 17 patients treated with 70-90mg/kg/day dosage (1). One patient has prior treatment with Amphotericin B. S.erum glutamic oxaloacetic transaminase (SOOT, serum aspartate aminotransferase) and serum glutamic pyruvic transaminase (SGPT, serum alanine aminotransferase) were increased 3-5 times the normal, but returned to baseline after decreasing the dose in one patient, and after 7 days of stopping the drug in the other (1). Hepatic effects were considered reversible and dose related.
autopsy findings of the liver of a 32 year old patient who was treated with 4.820 of the drug in 4 separate courses in one years time for cryptococcaJ meningoencephalitis (2) . The liver showed marked lobular fatty infiltration. Such reactions are rare and relation with amphotericin B is questionable (3).
Griseofulvin, 2-Hyroxystilbamidine, and Nystatin:
Earlier animal reports suggested hepatotoxicity with Griseofulvin (4), but long and extensive usage has not shown any significant liver damage in humans.
2-Hydroxystilbamidine is used in North American
Blastomycosis and SOOT elevation of 2 or more times was noted in 21 of 43 patients, and serum bilirubin was elevated in 3 patients (5). The drug was given as 225mg/day for 6 days of a week until 8G was given. Jn another study "Hepatitis" was noted to have occurred in 2 of 66 patients treated with 2-hydroxystilbarnidine (6).
Since most of Nystatin is unabsorbed from the gastrointestinal tract, no hepatic reactions have been noted.
Imidazoles:
Imidazoles are a group of drugs which are related to anti-thyroid drugs carbimazole and methimazole and anti-protozoa! metronidazole. Miconazole has not shown hepatic dysfunction so far. Ketoconazole has been used in a wide variety of mycotic infections. Liver function abnormalities have occurred after ketoconazolc (7-11), but direcc causal relationship has been difficult to establish. Since several patients had abnormal liver enzymes (see below) even before treatment with ketoconazole, it bas been thought that hepatotoxic mycotxins may have some role, as several fungi can produce such substances (12). Also annual incidence of hepatitis in the general population is around 28 per 100,000 (13) , and a study of biopsy material from patients who developed hepatic dysfunction after ketoconazole has shown hepatitis indistinguishable from other drug hepalitidis (8) (9) . Hepatic reactions from ketoconazole have been classified as silent and symptomatic.
SILENT REACTIONS. A 500'/o increase in SOOT. SGPT, alkaline phosphatase, or gammaglutamyl transpeptidase (GGTP) without any symptoms is considered a silent reaction. In a study of 1074 patients treated with ketoconazole, this was found in 14% of patients; however, 80'/o can occur at any time after ketoconazole therapy. This has been regarded harmless and discontinuation of the drug is not required. Generally, the liver enzymes bave returned back to normal after stopping ketoconazole, and even may return to normal in spite of continued administration of the drug. SYMPTOMATIC REACTIONS. They can be icteric or non-icteric (Table II) . The estimated incidence is l in 12,000. Time of onset, on an average, is 6-11 weeks after starting the drug. It is not possible to predict who will develope a symptomatic reaction after ketoconazole, but there are certain categories of patients who have had such effects (Table nn. Symptoms tend to subside after the drug is withdrawn, although fatalities have been recorded (11). A symptomatic reaction due to ketoconazole is described here. CASE REPORT. A 72 year old female has swelling, redness, and pain around the nail of her right index finger for IO months. This was thought to be due to candidial infection. She had been on naproxen 250mg BID for arthritis and thorazine 75mg. HS for three years. Oral griseofulvin for 6 months was ineffective, and she was starred on 200mg/day ketoconazole. Liver profile was normal. Eight weeks later, she developed nausea, anorexia, nervousness, palpitation and abdominal discomfort. Physical examination showed no jaundice, and the liver was not palpable. Laboratory data revealed serum aspartate aminotransferase (SOOT) of 48 (N-4-30). Ketoconazole was discontinued. Hepatitis B surface antigen and antibody were absent. Three weeks later, all the abnormal tests returned to normal. Symptoms of nausea, anorexia, perspiration, all resolved during this time. 
MECHANISM
Not much is known about the mechanisms of hepatic dysfunction by these drugs. However, since most of the effects consist of enzymes elevation, it seems that some of these agents cause hepatocellular injury.
MANAGEMENT
No specific measures are generally required in case of amphotericin B in regard to hepatic toxicity. If a patient is on griseofulvin for prolonged period of time, occasional liver profile studies are advised (4).
Patients on ketoconazole should have a baseline SMA-12 (or liver profile) and should have recheck SMA-12 every month during the period of therapy or frequently if necessary. lf any significant liver abnormalities are detected, it is best to discontinue the drug, if at all possible, since fatal outcome has occurred.
SUMMARY
Antifungal agents that are used systemically have the potential of hepatotoxicity. Among clinically used drugs, ketoconazole has caused hepatic reactions with enzyme elevation and these can be symptomatic. Baseline and periodic monitoring of liver functions is advised and implicated agent should preferably be discontinued on any significant liver function abnormality.
